Ile-Ife, Nigeria, 32% were non-typable (NT). The strains were isolated from skin lesions, eye infections, wounds and nasal flora. Isolates from skin lesions or eye and wound infections were more likely to produce protease (95% and 78% respectively) than nasal isolates (1 1%). Nearly all (99%) of the strains isolated were resistant to penicillin and 78% were resistant to tetracycline. Streptomycin resistance occurred in 25% of isolates ; 19% were resistant to chloramphenicol and 9% to methicillin.
Introduction
Staphylococcus aureus causes infections at many sites in the body; these include skin, eyes, gastrointestinal tract and vagina. [1] [2] [3] [4] Colonisation is an important step in the chain of events that leads to infection with S. aureus. Individuals are likely to become colonised first and become invaded and infected from this source. 596 The characterisation of pathogenic organisms for epidemiological purposes is important in combating outbreaks of infection caused by these organisms. This is of particular interest in developing countries where microbial infections feature very prominently as causes of morbidity and of mortality. It is desirable to characterise S. aureus isolates because of the ubiquity of this organism and its proven capacity to cause various types of infections which may occur in epidemic form.
Infections caused by S . aureus became prominent in hospitals in the 1950s as a result of the emergence of S. aureus strains that were resistant to penicillin alone or to several antimicrobial agents, including streptomycin, tetracycline and chloramphenicol. Some of these strains were also highly invasive and had the capacity to spread; they belonged to the phage-type 80/8 1 complex, which included types 52A/ 80/8 1 and 52/52A/80/8 1. Therefore, it became apparent that phage typing was an important epidemiological tool in the identification of virulent strains of S . aureus and it has become a routine technique in developed countries.* However, this is not the case in developing countries where the lack of adequate laboratory facilities for maintenance of phage stocks have made it virtually impossible for this technique to be employed even for research purposes. In the case Received 18 Dec. 1989; revised version accepted 12 July 1990.
of Nigeria, for example, only two studies of phage types of S. aureus have been rep~rted.~." Recently, however, we have been involved in a collaborative study with the phage-typing laboratory of the Statens Seruminstitut, Copenhagen, Denmark. The preliminary results of phage typing and in-vitro antibiotic sensitivity testing of clinical isolates of S . aureus from hospital patients and staff in Ile-Ife, Nigeria, are reported in this paper.
Materials and methods

Sample population
The sample population comprised 550 consecutive in-patients who developed eye, wound or skin infections during their stay at the Obafemi Awolowo University Teaching Hospitals Complex (OAUTHC), Ile-Ife, over a period of 18 months (Jan. 1988-Sept. 1989). Samples were also obtained from the anterior nares of 65 apparently healthy members of the hospital staff.
Collection of samples
Samples from patients were collected from infected eyes, wounds and septic spots on the skin. Nasal samples were obtained with sterile swabs (Kemi Intressen, Sundyberg, Sweden) moistened with sterile nutrient broth which were inserted into the anterior nare and rotated gently. Infected eyes were swabbed similarly. Purulent material was obtained from open wounds, some of which had become infected after surgery, and from cases of skin sepsis. All the samples were inoculated on to freshly prepared blood agar and Mannitol Salt Agar (MSA; Oxoid) which were incubated at 35°C for 48 h. Gram-stained films were examined from those colonies that resembled S. aureus and fermented mannitol, and these colonies were then tested for coagulase production by the slide agglutination test and confirmed as S. aureus by the tube coagulase test.
Determination of extracellular enzyme production
All the isolates were tested for their ability to produce protease, DNAase and RNAase. Protease activity was assessed by the method of Hankin and Anagnostakis' with gelatin (Oxoid) 4% in semi-solid medium. The secretion of DNAase and RNAase was detected by a modified version of the method described by Jeffries et aZ.12 with DNA 0.2% or RNA 0.2% (Sigma) in semi-solid medium as substrates. The inoculum was standardised in nutrient broth according to the method of Bauer et aZ.13 so that the inoculum contained approximately 10' cfu/ml. A calibrated loopful of 0.001 ml was streaked as a straight line across each plate; the plates were then incubated at 37°C for 72 h and then at 27°C for 48 h. Proteolytic activity was read as a clear zone around the line of streak when the gelatin medium was flooded with acid mercuric chloride solution. DNAase and RNAase activities were read similarly after flooding the media with 1 N HC1.
Phage typing of S. aureus isolates
The S. aureus isolates obtained in this study were phage typed by Dr Rosdahl at the Statens Seruminstitut, Copenhagen, Denmark. All were typed with European phages at routine test dilution (RTD). When not typable at RTD, the isolates were typed at 100 x RTD and those that were still not typable were subjected to further typing at 1000 x RTD.
Antibiotic sensitivity testing
Antibiotic sensitivity of the isolates was determined by the method of Ericsson and S h e r r i~'~ on MuellerHinton Agar (Oxoid). The plates were incubated at 35°C for 24 h except when testing for methicillin resistance, for which the plates were incubated at 29°C for several days. The antibiotic disks used (AB Biodisk, Pyramidvagen, Solon, Sweden) contained penicillin G 1-5 units, streptomycin 10 pg, tetracycline 10 pg, gentamicin 10 pg, erythromycin 10 pg, methicillin 5 pg, kanamycin 10 pg, chloramphenicol 10 pg and fusidic acid 5 pg. S. aureus ATCC 25923 was used as control.
Results
Isolation
A total of 166 S. aureus isolates was obtained in the course of this study. Of these, 37 were from the anterior nares of 65 apparently healthy hospital personnel, giving a nasal carrier rate of 57%. Ten were from infected wounds and eight from patients with conjunctivitis. Most isolates (1 1 1) were obtained from cases of skin sepsis. All were coagulase-and mannitolpositive gram-positive cocci.
Production of extracellular enzymes
Protease. With 124 (75%) of the isolates, protease production was demonstrated by the presence of a clear zone around the line of streak after addition of acid mercuric chloride; 95% of the isolates from skin, 78% from eyes and wounds, but only 11% from the anterior nares produced protease (table I).
DNAase was produced by 156 (94%) of the isolates-98% of skin isolates, 84% of nasal and 89% of conjunctival and wound isolates (table I). In contrast, RNAase activity was detected in only 87 (52%) of the isolates-76 (68%) skin isolates, 4 (1 1%) nasal isolates and 5 (39%) of isolates from eye and wound samples.
DNAase and RNAase production.
Phage typing
Of the 166 isolates typed, 18 (1 1%) were lysed by group I phages, 41 (25%) by group I1 phages, 25 (1 5%) by group I11 phages and 17 (10%) by phages from mixed groups (table 11). On the basis of their lytic pattern, 5 (3%) of the isolates were assigned to the 83A complex group and 6 (4%) belonged to the 94/96 complex. Only one (0.6%) isolate was of phage type 95. The largest single group, containing 53 (32%) isolates, was not lysed by any of the phages used; these isolates were regarded as untypable (table 11). Only 11% of nasal isolates of S. aureus from healthy subjects produced protease, but all belonged to phage group 111. In contrast, 95% and 75% of isolates from skin sepsis and eye and wound infections, respectively, were proteolytic and these were evenly distributed among all phage groups. This indicates that ability to produce protease may be inherent amongst pathogenic staphylococci but much less manifest in S. aureus isolates from healthy carriers.
Antibiotic sensitivity testing
The 166 isolates were tested for susceptibility to nine antibiotics. Almost all (99%) isolates were resistant to penicillin. Resistance to tetracycline was also widespread-78% of isolates tested were resistant ; 25% of isolates were resistant to streptomycin and 19% resistant to chloramphenicol. The incidence of resistance to methicillin was 7% and only 3% of isolates were resistant to erythromycin. Resistance to gentamicin (2%) and fusidic acid (1 %) was rare and none of the isolates was resistant to kanamycin.
Discussion
Different S. aureus isolates have many varied characteristics, some of which are associated with their virulence and pathogenicity. A knowledge of the characteristics of S. aureus strains within a given environment may be used as a means of identifying strains that are more likely to lead to outbreaks of staphylococcal infection in that environment.
Various strains of S. aureus produce extracellular enzymes. The role of these enzymes in the pathogenesis of infection has been d i s c~s s e d~~~'~~' ' and it is suggested that there is a direct relationship between the virulence characteristics of S. aureus strains and their ability to produce extracellular enzymes. A large proportion of the isolates tested in this study produced DNAase. However, only a minority of the nasal isolates from apparently healthy individuals produced protease and RNAase whereas 75% of the isolates from clinical sources produced protease and 52% produced RNAase. Therefore, it seems that these results are in line with earlier reports that demonstrated a correlation between virulence and production of extracellular enzymes.
From our results, it can be seen that a large proportion (32%) of the isolates were untypable under the conditions of the phage-typiw test. This result is not entirely unexpected because the phages used were "European" rather than local and this highlights the importance of isolating and testing phages which may be used in typing local strains of S. aureus. However, 68% of the isolates were typable and several different groups were identified. The biggest group, group 11, contained 25% of the isolates. This is similar to the results obtained by V.T. Rosdahl (personal cornmunication) with isolates from Danish sources, 1843% of which belonged to phage group 11. The percentages of organisms in several other groups were also similar when comparisons were made between isolates from Nigeria and Denmark (V.T. Rosdahl, personal communication); 11% of Nigerian isolates and 12.3% of Danish isolates were in group I, and the figures for group I11 were 15% and 11.7% for Nigeria and Denmark, respectively. Furthermore, 10% of Nigerian isolates and 7.1% of the Danish isolates belonged to the mixed group. The only striking differences were that only 4% of Nigerian isolates were in the 94/96 complex whereas 13.3% of the Danish isolates belonged to this group, and only one Nigerian isolate but 18.1% of the Danish isolates were of type 95. These results indicate that there are some noticeable differences in the distribution patterns of phage-types in both localities but that the similarities may be more important that the differences. The differences may also be affected by sample size which was very large (more than 18 000 isolates) in the Danish study. Our results also indicate that resistance to penicillin, tetracycline and streptomycin is fairly evenly distributed amongst isolates from different sources (table 111) whereas methicillin, erythromycin and gentamicin resistances are associated with phage group I and 83A (also 94/96 and NT) and are more likely to be found in nasal isolates than in isolates from skin lesions.
The antibiotic sensitivity patterns of S. aureus strains isolated in Nigeria has been the subject of several studies. 10~18- 20 In each of these studies, the incidence of resistance to several antibiotics was found to be very high. Rosdahl and Rosenda12' have reported the prevalence of the 95-complex phage-types among Danish patients. These strains were reported to be high-level penicillinase producers and resistant to metal ions. The 83A-complex phage-types have also been reported in Denmark.22 In this study, the incidence of resistance encountered was generally lower than that observed in earlier studies but was higher than the incidence of similar resistance in Denmark (V.T. Rosdahl, personal communication). The reasons for the observed reduction in the incidence of resistance to antibiotics in Nigeria are not apparent but the fact that the incidence is still significantly higher in Nigeria than in Denmark indicates that there is still great need to control the availability and use of antibiotics in Nigeria.
